ABSTRACT. A cell lysate system by which DNA repair (unscheduled) synthesis induced by DNA damaging agents can be measured at high sensitivity as previously reported (9, 18) was characterized. Time-course experiments in which the in vivo incubation time with hydroxyurea and arabinofuranosyl cytosine after UV irradiation was changed suggested that the number of single strand gaps increased in the presence of these drugs. Alkaline sucrose density gradient analysis of prelabeled DNA revealed that the repair apparatus in the drug-treated cells was not irreversibly impaired. Product DNA in this lysate system was compared with that of an in vitro replication system on alkaline CsCl equilibrium density gradient, and the results showed that DNA synthesis in the lysate system was "repair-type" synthesis. When the cells were labeled with 5-bromo-2'-deoxyuridine (BrdUrd) in vivo and then labeled with [3H] dTTP in vitro, the photolysis of BrdUrd-labeled DNA decreased the molecular weight, indicating that DNA synthesis in the cell lysate was a continuation of DNA repair in vivo.
One must be cautious, however, about in vitro systems as to what extent these reflect DNA repair in intact cells.
We previously described a HeLa cell lysate system which could sensitively detect unscheduled DNA synthesis induced by UV and MNNG (9, 18) . Characteristic of the in vitro system was the usage of HU and araC in vivo to minimize the concomitant occurrence of replicative DNA synthesis. During the treatment with HU and araC in vivo, accumulation of DNA single strand breaks was observed, and we assumed that repair synthesis was partially inhibited while incision and excision were not affected. When these cells were homogenized and incubated with exogenous DNA precursors in test tubes, incorporation of [3H]dTTP took place in response to the number of lesions accumulated in vivo.
In this paper, we examined the mode of unscheduled DNA synthesis in this in vitro system. 
RESULTS
Effect of the duration of HU and araC treatment in vivo. In our cell lysate system, treatment of UV-irradiated cells with HU and araC was indispensable for unscheduled DNA synthesis, as reported previously (9) . The treatment of the cells with these inhibitors has two meanings : one is to minimize the concomitant occurrence of replicative DNA synthesis, and the other is to partially inhibit repair DNA synthesis. In order to examine the mode of inhibition of repair synthesis, the in vivo incubation time after UV irradiation was changed, and [methyl-3H]dTTP incorporation was measured in those lysates. In Fig. 1 , results of the time-course experiment (a) and expected patterns (b and c) are shown. If the single strand gaps are expanding in vivo as the incubation with the inhibitors becomes longer, the pattern should be such as in Fig. lb . If the number of single strand nicks increases, the pattern should be such as in Fig. lc . These models based on the hypothesis that there is a sufficient amount of DNA polymerase(s).
From the kinetics in Fig. 1a , it is evident that the number of single strand nicks increases in the HU and araC-treated cells ; it is not clear, however, whether the single strand gaps are expanding or not. In fact, analysis of DNA of thus treated cells in alkaline sucrose density gradient sedimentation revealed that the peak of DNA shifted gradually from the middle of the gradient to the top as the treatment with the inhibitors was prolonged (data not shown). Therefore it is almost certain that the number of single strand nicks is increasing during the treatment. On the other hand, there is no direct evidence for expansion of single strand gaps, since the alkaline sucrose density gradient is not as sensitive to determine the size of single strand gaps. The above time-course experiment may suggest that the expansion of single strand gaps occurs (compare Fig. 1 a, lb, and 1c); however, we should postpone any conclusions until after direct measurement of the gap size is conducted.
Ability of DNA repair in UV-irradiated and HU, araC-treated cells. In order to validate our in vitro cell lysate system, we checked the repair ability of UV-irradiated and HU, araC-treated cells. Cells prelabeled with [6-3H]thymidine were incubated with HU and araC for 1 h, irradiated with UV, and treated with the same drugs for another 1 h. The size of DNA was analyzed by alkaline sucrose density gradient centrifugation (Fig. 2) . DNA from these cells showed the accumulation of single strand breaks. UV-irradiation or drug treatment alone did not change the profile of DNA from unirradiated, no drug-treated control (9 only changed in the width of the radioactivity peaks. These results indicate that the length of DNA synthesized in the in vitro repair system was relatively short and the synthesis was clearly different from replicative synthesis. In the case of the unirradiated cells, only low radioactivity was incorporated under the same conditions as the repair system; therefore, no discrete peak in alkaline CsCl equilibrium density gradient was detected (data not shown). Thus the patterns of labeled DNA in the upper panels of Fig. 3 represent UV-induced DNA synthesis, and do not merely represent terminal addition of nucleotides. Region of DNA synthesized in vitro. We next examined the relation of in vitro labeled DNA to in vivo repair synthesis. Though HU and araC inhibited repair synthesis in UV-irradiated cells, [6-3H] thymidine incorporation in these cells still occurred in the presence of HU and araC (9) . It seems that at these concentrations of HU and araC, repair synthesis is not inhibited completely. Therefore we could label DNA with BrdUrd in vivo at the site of repair synthesis. Then the cells were homogenized, and the lysate was incubated with [methyl-3H]dTTP for 5 min. The reaction mixture was exposed to black light through a thymidine solution. This photolysis method is known to introduce single strand breaks in the BrdUrd-DNA at the BrdUrd residues with no direct effect on the thymidine-DNA (14) . The photolysed Fig. 3 . Alkaline CsCl density gradients of the DNA made by our in vitro system. Cells were synchronized at mid-S (for replication system) or G2-G1 phase (for repair system), irradiated with 30 J/m2 of UV (for repair system), harvested, and homogenized as described in MATERIALS AND METHODS. The lysates were incubated for 10 min in a reaction mixture containing BrdUTP and DNA was analysed with alkaline sucrose gradient centrifugation. As shown in Fig. 4 , [methyl-3H]dTTP-labeled DNA in non-photolysed lysate sedimented mostly at the same position as uniformly-labeled HeLa DNA (Fig. 4a) . When the product DNA of the in vitro reaction was photolysed for 2 or 7.5 h, virtually all of the labeled DNA appeared not at the middle of the gradient but at the top (Fig. 4b) . These results indicate that the DNA synthesized in this in vitro system is covalently linked to BrdUrd-containing DNA, which is the repair-synthesized region in vivo. Thus it seems that our system for in vitro repair synthesis is detecting the continuation of repair in vivo. 
